• Idiopathic short stature (ISS) is a worrisome isolated physical characteristic in a healthy child. The evidence to support the use of gonadotropin-releasing hormone analogue as a growth-promoting therapy in children with ISS is lacking. Our clinical case series study has shown that gonadotropinreleasing hormone analogues have a potential in improving final adult height in adolescent females with this condition. 156.4 ± 4.7 and 152.3 ± 5.7 cm (p = 0.111), respectively. The height gain in the treated and the untreated girls was 1.6 ± 7.8 and -3.6 ± 5.7 cm (p = 0.036), respectively. Height gain in the treated and the untreated boys was -5.1 ± 13.6 and -11.5 ± 8.4 cm (p = 0.171), respectively. Conclusion: GnRHa therapy has a modest effect in improving FAH in adolescent females with ISS but not in boys.
Introduction
Short stature is a worrisome condition for both parents and children all over the world. It constitutes a psychosocial burden in the form of impaired emotional well-being and psychological adaptation of the affected children [1] . As these children may feel physically weaker than their peers, parents tend to overprotect them from social adver- sities [2] . However, true psychopathology is unusual with high variability in inter-individual adaptation to short stature, as patients' social competence and behavioral adaptation were comparable to their classmates and population-based norms [3] . Socioeconomic factors, rather than stature, predict academic and psychosocial outcomes among community cohorts of short healthy children [4] .
Idiopathic short stature (ISS) is found to be an isolated physical characteristic in an otherwise healthy child. It is defined as a height that is more than 2 SDs below the mean height for an age-and sex-matched population without evidence of a disease and normal levels of stimulated growth hormone (GH) [5] . Around 80% of children evaluated for short stature by pediatric endocrinologist are labelled as having ISS [6] .
Final adult height (FAH) is determined by several factors such as genetic predisposition, GH secretion, nutritional status, onset and duration of puberty, and total height attained during puberty [7] . Pubertal growth spurt is characterized by a prompt and intense increase in height that occurs during the adolescent stage of the human life cycle and precedes fusion of epiphyseal growth plates. The onset of this spurt is variable between individuals and populations, and is sex-dependent. It starts earlier in girls with shorter duration in comparison to boys. Around 20% of adult height is achieved during the pubertal growth spurt [8] .
Different therapeutic approaches have been investigated to improve the statural outcome in children with ISS [9] [10] [11] . However, the best therapeutic strategy is still a matter of debate [10, 11] . As each modality is confronted by challenges in predicting and defining the adequate growth response, the extent of physical and psychological disability from short stature is used to determine the eligibility for growth-promoting therapy in children with ISS [3, 4, 10, 11] .
Gonadotropin-releasing hormone analogue (GnRHa) therapy is a well-established modality of treatment in children with central precocious puberty (CPP) [12] . GnRHa therapy not only retards pubertal progression but also has the potential to delay epiphyseal fusion and prolong the period of linear growth. The use of GnRHa in children with CPP has clearly demonstrated favorable effects in terms of restoring genetic growth potential and improving FAH [12] .
The association between untreated hypogonadism, aromatase deficiency in males and tall stature had shed light on the effect of pubertal delay on height prognosis [13, 14] . The use of GnRHa therapy for the promotion of growth in healthy short children had created significant controversy based on statural growth and side effects [15] [16] [17] [18] . Although evidence to support the use of GnRHa as a growth-promoting therapy is lacking, systemic examination of GnRHa prescribing practices showed that 26.5% of children were treated for short stature in the context of normal puberty [19] . Based on our previous retrospective study that assessed the FAH in 43 GnRHa treated CPP children and 13 untreated children [20] , we conducted this historical cohort study to assess whether manipulating puberty using GnRHa could increase height in Jordanian children with ISS and normally timed puberty as it does in our patients with precocious puberty [20] .
Subjects and Methods
Our historical cohort study was conducted after obtaining approval from the Ethics Committee of the National Center for Diabetes Endocrinology and Genetics, which is accredited by the National Ethics Committee. Also, the study was conducted in accordance with the Declaration of Helsinki. As we used routinely generated data with no identifying information, the study carries no harm whatsoever to patients. Data were used only for scientific purposes.
Based on the therapeutic policy of the National Center for Diabetes Endocrinology and Genetics in Jordan, GnRHa was offered to all children with ISS with normally timed puberty and was managed according to a predesigned protocol as an experimental treatment. Children diagnosed with ISS (Z-score that is < 2 SD score below the median height for that age and sex), had normally timed puberty, had a Tanner stage between 2 and 3, were given 3.75 mg GnRHa (Triptorelin SR, Decapeptyl, Ipsen, Biotech) intramuscular injections monthly for at least 1 year to suppress their puberty, and achieved their FAH between 2005 and 2015 were eligible for inclusion in this study. Children with hypothyroidism, renal disease, celiac disease, congenital adrenal hyperplasia, closed epiphyseal plates, primary bone disease, and dysmorphic features were excluded. However, no data on birth length could be obtained to exclude small-for-gestational age children. Eligible children underwent either Insulin Tolerance Test or Glucagon Stimulation Test to exclude GH deficiency. An informed consent was obtained from the parents of children before starting GnRHa treatment. Children whose caregivers refused GnRHa therapy were included in the study as a control group.
A total of 59 patients were enrolled in this study. Twenty-eight children with ISS (21 girls and 7 boys) were given 3.75 mg GnRHa (Triptorelin SR, Decapeptyl, Ipsen, Biotech) administered by intramuscular injection every month. On the other hand, 31 children with ISS (14 girls and 17 boys) their caregivers refused GnRHa therapy, comprised the control group.
Height, weight and pubertal stage were evaluated initially and regularly every 3 months for both groups. After discontinuation of GnRHa, both groups were evaluated at each subsequent year until FAH was attained. The measurement of FAH was taken when growth velocity was < 1.5-2 cm/year, or when bone age (BA) was 14.5 years in girls and 16.5 years in boys [21] . Height was measured with a Harpenden stadiometer, and was calculated as the average of 3 measurements to the nearest 0.5 cm while the patient was standing without shoes maintaining a vertical stature and the blades of the shoulders were parallel. An experienced radiologist using a left hand and wrist radiograph based on Greulich and Pyle atlas [22] determined BA. Pubertal development was assessed according to the Marshal and Tanner staging system [23, 24] . Predicted adult height (PAH) at the start of treatment was calculated using the Bayley and Pinneau method [25] . Mid-parental height (MPH) is the average of the parental heights minus 6.5 cm for girls and plus 6.5 cm for boys (6.5 cm being half the mean gender difference in adult height).
To assess the effectiveness of GnRHa therapy in children with ISS, the following outcome measures were used: FAH, height gain (the difference between FAH and PAH at initiation of GnRHa), the difference between FAH and MPH, and the proportion of patients who attained their PAH and MPH.
Statistical Analysis
The Statistical Package for Social Sciences SPSS © 19 (SPSS, Inc., Chicago, IL, USA) was used to enter and analyze data. Frequencies and percentages were obtained for categorical variables. Continuous variables were presented as means ± SDs. To assess the significance of observed differences between GnRH-treated and untreated groups, we used the independent t test for continuous variables and the chi-square test or Fisher's exact test for categorical variables. Percentages of both GnRHa-recipients and non-recipients who achieved PAH and MPH were obtained. Potential confounding was dealt with through performing multivariate linear regression. Height gain in this study was the dependent variable, and treatment group together with other potential confounders were independent variables. The most parsimonious model that best fitted the data was reported.
Results

Baseline Characteristics
A total of 59 patients were enrolled in this study including 28 children with ISS (21 girls and 7 boys) who were treated with GnRHa to delay their puberty and 31 ISS children with ISS (14 girls and 17 boys) who did not receive treatment. The mean duration of treatment was 1.8 ± 1.0 years (1.3 ± 0.3 years for boys vs. 2.0 ± 1.1 years for girls; p = 0.182). The minimum duration of treatment was 1 year and the maximum duration of treatment was 4 years.
The 2 groups showed imbalance in terms of sex distribution as the proportion of females in the treated group outnumbered the proportion of females in the untreated group.
The main auxological characteristics of GnRHa in the treated and the untreated groups according to gender are depicted in Table 1 . At presentation, there were no significant differences between the treated and the untreated girls with respect to chronological age (10.9 vs. 11.6 years), BA (10.9 vs. 11.5 years), height (134.0 vs. 135.9 cm), Height-SD score (-2.1 vs. -2.4), PAH (149.6 vs. 150.5 cm), and MPH (155.3 vs.155.1 cm).
The baseline auxological parameters for the treated and the untreated boys were similar for chronological age (12.6 vs. 13.8 years), BA (11.6 vs. 12.6 years), height (134.7 vs. 141.1 cm), Height-SD score (-3.1 vs. -3.0), PAH (161.5 vs. 163.8 cm), and MPH (170.8 vs.167.7 cm).
Final Adult Height
The FAH of the treated girls was 151.3 ± 5.1 cm compared to 146.8 ± 3.8 cm in the untreated girls (p = 0.01). The FAH-SD scores of the treated and the untreated girls were -1.4 ± 0.6 SD and -2.1 ± 0.7 SD (p = 0.003), respectively, as shown in Table 2 . The FAH of the girls who were treated for ≤2 years was 152.6 ± 4.8 cm, and the girls who were treated for > 2 years had a FAH of 147.8 ± 4.5 cm (p = 0.05). The FAHs of the treated and the untreated boys were 156.4 ± 4.7 cm and 152.3 ± 5.7 cm (p = 0.111), re- spectively. The FAH-SD scores of the treated and the untreated boys were -1.6 ± 0.7 SD and -2.4 ± 0.7 SD (p = 0.029), respectively.
Outcome Measures
The height gain (the difference between FAH and PAH at enrollment) in the treated girls was 1.6 ± 7.8 cm and the FAH of the untreated girls was 3.6 ± 5.7 cm below their PAH (p = 0.036). However, the FAH in the treated boys was 5.1 ± 13.6 cm, and in the untreated boys was 11.5 ± 8.4 cm below their PAH at enrollment (p = 0.171). The height gain in the girls who were treated for ≤2 and > 2 years was 1.1 ± 5.7 cm and 2.9 ± 12.2 cm, respectively (p = 0.635). In the treated girls, the FAH was closer to the MPH (p = 0.033) compared to the untreated girls, while in boys, the mean difference between MPH and FAH in the 2 groups was statistically insignificant, as shown in Table 2 .
Among the treated girls, 23.8 and 52.3% attained their MPH and PAH respectively. The FAH-SD score < 2 SD below the population mean was achieved in 76.2% of our GnRHa-treated girls and in 28.6% of the untreated girls (p = 0.028). In the treated boys, 5 patients (71.4%) achieved an FAH-SD score < 2 SD below the population mean (p = 0.011) and 1 participant achieved his PAH as shown in Table 3 .
Multivariate Regression
Multivariate linear regression showed that MPH, age, BA, PAH, and height-SD at presentation were not statistically and significantly different and therefore, they were excluded from the model. GnRHa therapy is the only variable that had a statistically significant correlation with height gain after adjustment for potential confounding variables (p = 0.028).
Discussion
This study evaluated the growth-promoting effect of GnRHa among children with ISS in comparison with a control group through assessing variable outcome measures such as FAH, height gain, FAH-SD score and the proportion of patients who achieved their PAH, MPH, and a FAH-SD score < 2 SD below the population mean. Values are given as mean ± SD. ISS, idiopathic short stature. Few studies have assessed the statural benefits of GnRHa therapy alone in children with ISS [15] [16] [17] [18] . Moreover, some studies did not include a control group [15, 17] and data on the FAH are lacking [15] [16] [17] . Based on our cohort of 59 children, GnRHa therapy for 1.8 ± 1.0 years (1.3 ± 0.3 years for boys vs. 2.0 ± 1.1 years for girls; p = 0.182) significantly improved the FAH and height gain among treated girls. In boys, GnRHa treatment improved the FAH-SD score significantly, and a FAH-SD score < 2 SD below the population mean was achieved in 71.4% of the treated and in 17.6% of the untreated boys (p = 0.011). However, GnRHa treatment in boys brought about a small increase in height gain and FAH that failed to achieve statistical significance. This insignificant increase in FAH and height gain could be related to the small number of the treated boys or to the lack of the effect of GnRHa therapy in boys with ISS. Contrary to studies on short stature referral and growth, caregivers were more likely to accept GnRHa treatment for females [10, 11] . This may be attributable to the social norms in our culture, as short females are less likely to get married, while this is not true for males. Kohn et al. [26] previously reported this gender-specific difference in a study that evaluated the effect of combined GH and GnRHa therapy in a mixed group of GH-deficient children and children with ISS. Girls with normal puberty had significant height gain (3.0 ± 6.1 cm; p < 0.001), but in boys there was no statistically significant increase in height gain (1.3 ± 6.8 cm) [26] . Another study that assessed the effects of adding GnRHa to GH therapy in GH-deficient children showed that the FAH of girls, but not boys significantly surpassed their PAH [27] . This superior response in females may be related to faster epiphyseal fusion driven by estrogen [27] . In addition, pubertal suppression in boys may have different effects on growth as pubertal growth is driven by aromatization of testosterone to estrogen and by increased levels of GH [28] .
Our results showed that GnRHa in girls with ISS significantly improved FAH and FAH-SD score. FAH-SD score < 2 SD below the population mean was achieved in 76.2% of our GnRHa treated girls and 28.6% of the untreated girls (p = 0.028). Our results were comparable with those obtained from a randomized subset of 49 adolescents with short stature treated with GnRHa for 3.5 ± 0.9 years by Yanovski et al. [18] . Those who received treatment were significantly taller. Also, 52 and 28% of GnRHa-treated and -untreated participants, respectively, had an FAH-SD score < 2 SD below the population mean [18] . Similarly, in the preliminary results of a randomized double blind clinical trial that included 16 adolescents with short stature, Municchi et al. [16] showed that 4 years of therapy with GnRHa increased PAH at the end of the treatment by 7.2 cm in comparison to pretreatment height (p = 0.05) and by 10.9 cm compared to untreated subjects (p = 0.05).
Contrary to our findings, Lindner et al. [15] showed that 2 years of GnRHa treatment in 8 boys and 9 girls with ISS decreased height-SD score caused no significant improvement in predicted adult stature as a result of reduced growth velocity during the post treatment year. Carel et al. [17] treated 31 girls with constitutional short stature with GnRHa for 23 ± 4 months; the near final height of treated girls was 149.1 ± 4 cm, their final height prognosis was 1.2 ± 2.2 cm below their predicted height at the end of the treatment (p < 0.01) and their height SD score decreased from -2.3 ± 0.9 to -2.7 ± 0.7 SD (p < 0.0001) during treatment [17] .
The difference between FAH and PAH at enrollment (known as height gain) has frequently been used as a criteria of the effectiveness of the growth-promoting therapy. In our study, the height gain was significantly higher in the treated girls compared to those untreated (p = 0.036); the treated girls achieved their PAH and even surpassed it by 1.6 ± 7.8 cm (p = 0.036), and 52.3% of them attained their PAH, as shown in Table 3 . The large SD of the height gain, irrespective of the treated gender (1.6 ± 7.8 and -5.1 ± 13.6 cm in girls and boys respectively), is an evidence for the inter-individual variability in FAH response to GnRHa therapy. This variability in response was also evident in several outcome studies of GH therapy in children with ISS [5, 10, 11] .
Our findings are in agreement with those of the study by Yanovski et al. [18] as the height gain was significantly higher for treated children compared to untreated children (4.2 ± 4.5 vs. 0.5 ± 4.1 cm, p = 0.004). However, the height gain in our treated girls was less than that reported by Yanovski et al. [18] (1.6 vs. 4.2 cm). This difference could be related to heterogeneity in the population studied as only 50% of the treated subjects had ISS. Also, this difference could be attributed to the apparent effect of GH therapy, as the height gain in GH-treated children was 0.4 ± 0.6 greater than GH-untreated children (p = 0.004) [18] . Furthermore, a longer duration of GnRHa therapy will result in a prolonged duration of arrested bone maturation, prolonged growth periods, and subsequently more height gain [17, 18] . Among our treated girls, 15 received treatment for ≤2 years and 6 received treatments for > 2 years. The FAHs of the girls treated for ≤2 and > 2 years were 152.6 ± 4.8 and 147.8 ± 4.5 cm (p = 0.05), respectively. The height gain in girls who were DOI: 10.1159/000499929 treated for ≤2 and > 2 years was 1.1 ± 5.7 and 2.9 ± 12.2 cm (p = 0.635), respectively. We cannot conclude that the duration of treatment made no difference, as the girls who were treated for ≤2 years were taller at presentation than those treated for > 2 years (137.2 ± 4.5 vs. 126.2 ± 9.7 cm; p = 0.002). However, in the study by Carel et al. [17] , the effect of GnRHa therapy on height gain was limited.
Despite the notable improvement in the final height outcome, the mean FAHs of the treated and the untreated girls were still below their MPH by 4.0 and 8.2 cm (p = 0.033), respectively. Similarly, in Yanovski et al. [18] cohort, the FAH was lower than the MPH in both treatment groups [18] . Additionally, the absence of correlation between height gain and BA among our treated girls (p = 0.406) was previously reported [16] [17] [18] .
It is obvious that the diversity in the reported results may be linked to the differences in the end points used and to the duration of treatment, as shown in Table 4 . It may also be related to the variability of individual responses, as several other factors such as genetic height potentials, and nutritional and psychological status could influence FAH.
These findings highlight the modest effect of GnRHa therapy outside the context of precocious puberty that is limited to 4 cm [15] [16] [17] [18] . This modest effect is almost comparable to that reported by GH outcome studies in children with ISS, as GH therapy for approximately 5 years improved adult height by 5 cm [10] . The estimated annual cost of GH treatment in children with ISS is USD 5,000-40,000 [29] . In Jordan, the yearly cost of GnRHa is approximately 2,500 USD. The cost of any growth-promoting therapy in children with ISS should be taken in consideration to the background modest effect on adult height and the remarkable variability of individual responses [10, 11] . However, pubertal growth should not be hindered after the age of 14-15 years in order to avoid anxiety and psychological distress [17, 30] . To our knowledge, this is the only study in the region that evaluates the growth benefit of GnRHa among children with ISS. The strength of our study depends on the fact that our patients were followed up until they achieved their FAH, which is unusual in pediatric studies [15] [16] [17] . The Pediatric Endocrine Society considered FAH as the primary outcome in consideration to the efficacy of GH treatment in children [10] . Moreover, including a control group, a mixed population of male and female subjects, addressing gender differences in response to GnRHa, and the inclusion of several outcome measures will add more strength to the current study.
The current study is limited by the small sample size particularly of the boys treated with GnRHa. The design of the study is another limiting factor, as the effectiveness of GnRHa in improving FAH in children with ISS can be more definitively assessed by a prospective randomized controlled study. Another limitation of this study is lack of assessment of the psychological burden of short stature and the psychosocial impact of GnRHa therapy. Finally, several other factors could influence FAH in children with ISS as genetic height potentials, and nutritional and psychological status.
Conclusion
GnRHa therapy has a modest effect in improving FAH and height gain in adolescent ISS females with large interindividual variability. In males, our data do not support the use of GnRHa treatment to ameliorate short stature. The cost of GnRHa treatment in children with ISS should be taken into consideration, with individual assessment of physical and psychological burdens in the background of the remarkable variability of adult height response. Further large-scale randomized controlled trials are required to evaluate bone mineral density, emotional, psychological and social sequel of postponing normal puberty and verify this gender-related discrepancy in delaying normal puberty as a component of growth-promoting therapy.
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